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SUMMARY 



r We Report the cloning and sequencing of a 632-bp amplified fragth to the vahB gene of vancomycin^ 

resistant (Vrn*^) Enterococcus (En J faecalis ysfitl The DNA fragment hybridized to Vm^.strains of En.faecium and £«. 
yb^a/is, but not to their susceptible derivati^ J ' r ^ - 



Glycopeptide antibiotics vancomycin (Vm) and tei*^ 
coplanih (Te) bind to the C-terminal o-'Ala residiieis of '^ 
peptidoglycan precursors blocking their incprporaiion/ 
into the bacterial cell wall (Reynolds, 1989), These resi- 
dues are incorporated into cell wall precursors as a dipep- 
tide synthesized by D-Ala:D-Ala ligases (Ddl) (Walsh, 
1989). The VanA ligase synthesizes the depsipeptide d- 
Ala-D-Lac which substitutes for D-Ala-D-Ala leading to 
synthesis of precursors which bind Vm with reduced 



Correspondence to: Dr. i*. courvaiin, iiniie uta> Agcuu AuiiUtuici iciiA, 
28, rue du Dr. Roux, 75724 Paris. Cedex 15. France. TeL p3>l) 45 68 
83 20: Fax 433-l)45 68 83 19. 

* On request the authors will supply experimental evidence for the 
conclusions reached in this brief note. 

Abbreviations: aa. amino actdfsj: bp. base paixis): D-Ala. o alaninets): 
DdlA and DdlB. i>AIaa>Ala ligases of £. coU^ D-Lac, i>lactate; 
Escherichia: En^ Enterococcus: kh, ktlobase^s) or 1000 bp: nt. audeo- 
tide(s): oUgo. oligodeoxyribonudeotide; PCR, polymerase chain reac- 
tion: \ resistant: ^ sensitive: Te, tetcoplanin: VanA, Eil faecium Vm- 
resistanoe-confeTring protein: VanB. En. faecalis Vm-resistance- 
conferring protein: VanC, En. galUnarum Vm-reststanc&^onferring pro- 
teim tanB. gene encoding VanB: Vm, vancomycin. 



I affinity j(Bugg et aL, 1991 ; Handwerger et aU 1992; Messcr 
arid Reynolds, 1992). ^ ^ - 

Glycopeptide resistance in enterococci is hetero^ 
' geneous (Dutka-Malen et aL, 1990). ResisUnce proteins 



LFELSGl PTfVGCOIQSSA AC. .20 
■ IV id 1 1 lU UVrrGTCTGGTATCCCCTATGTAGGCTGCGATATrCftftAGCTCCGCACMriTC 60 
HDKSLAYILTKNACIAVPE F^O 

catggacaaatcactggcctacattcttacaaaaaatccgggca: 



kTT 120 
V 60 



QHIEKGDKPEARTLTTPI 
TCAAATGArwaUUUUlGGTCACAAACCGGAGGCGI^GGACGCTTACCtACCC'l'biLl I Ibl 180 

KPABSGSSFGVTKVeiSTEELSO 
QUIGCCGGCACCGTCAGGTTCGTCCTTTGGCCTAACCAAAGTAAACAGTACGGAAGAACT 240 

NAAlEAAGQYDGKILIEQAIlOO 
AAACGCTGCGATACAAGCAGCAGGflCAATATGATGCAAAAATCTTAATTGAGCAAGCGAT 300 

SGCEVGCAVMG NE O D L I V G E 120 
TTCGGGCTCTGRGCTCGGCTGCCCGCTCATGGGAAACGACGATGATrrGATTCTCGGCCA 360 

V^G:"--"'^**'" inOEN E P E 140 
AGTCGATCAAATCCGCTTGAGCCACGGTATCTTCCGCATCCATCAGGAAAACGAGCCGGA 42 J 

KGSE B AMl IVPAOIPVEEBS:60 
lUUUUXKrrCAGAGAATGCGATCATrATCGTrCtyWCAGACATTCCGCICGAGGAACa 480 

BVOETAKKVYRVLGCBGLARlftO 
TCGGGTGCAAGAAACGGCAAAGAAACTATATCGGGTCCTTO3ATGCA(»GGCCTTGCTCG 540 

VOLFLOEDGGlVLn E V 1^* 
TGTTGAT t 1 i 1 1 1 1 I GCAGGAGGATGGCGGCAI LG T'i' C I A AACGAGGTC 589 

Hg. 1 . Nucleotide and corrssponding aa sequence of the PCR fragment 
internal to the vanB gene. The rit sequence of both strands was deter- 
mmed from a pUC18 insert by the diJeoxy-chain-temunation method 
(Sanger et aL 1 977) usmg T7 DNA polymerase. The sequences comple- 
mentary to oUgos VI and V2 (Dutka-Malen et aL 1992) are not shown. 
Additional experiments were carried out to eliminate the possibility of 
nt misincorpoFadon by the Tag DNA polymerase. GenBank acocssiaii 
No.isL06138. 
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VaaS IFELSGIPYV CC5ISS2AAC JSitSLAYILT EHAGIAVPEF Q«1EKGDKP- RTI.TVPVPVK PABSGSSPCV TKVNSTEELN AAIEAAOOYD GKILIBQAI8 101 

VmA imSGIPFV aOIQSSMC HDmTyiVA.KHAGIATPAF.IIVI^^ KKVNSAOEU) YAIESARQYD SKILIEQAVS 101 

VadC LLEIMHLPYV GCBVAASALC MBIKHLLHQIA DTH6IASAPT U.LSR¥E.:d PATIORFl QDHOTIFIR PNEAGi^S»;X TKVTDKTAIA SALTTAFA 

SdlA HLRVASLPFV GSOVLASAAC MDXOVTKRLL RQAGLNIAPE- ItLtftANftUbt ISFAB V£ SStGLPLFVK PAKQG5SVGV SKVTSSCQYA TAVALAFEFO HKVXVEQGXK 107 

DdlB HLBLHSLPYT GSGVMASALS HDKLRSKLLH QGAGtPVAPH VALTRAEFEK GLSOKQXA£I SALGl^VIVK PSREGSSVCH SKWAEHALQ DALRLAFQHD CEVLIBXHLS 110 
CC CI IC C II C I I C IC C C ICCCI I III IC II IC I CCC CC 

VuB GCEVOCAVMG NEOOLIVCZV OQIRLSBGIF RIBQESEPEK GSEKAMIIVP AOXFVEERDR VQCTAKKVYR VLOCRGLARV DLFLQEOGGI VLHEV 196 
VanA GCEVCCAVLG HSAALWffiV DQIRLQYCSIF RIH<£VEPER GSENAVITVP ADLSAEERGR IQBTAKKiyR ALGCRGLARV OMPLQDKGRI VLNEV 196 

ir«ttC GI£IGC6IL6 ^-QUSIGAC DAISLVOC^ OFEEEyQLZS ATITVP APLPLALBSQ IKBQAQLtYR En.CLTCIJUtI DFFVTHQGAI YLNEI 197 

OdlA GREIECAVLG HDNP QA STOSIVLTS DFYMrOIKYI DEOGASWVP AAIAPEINDK IRAIAVQAYQ TLGCAGMARV DVFLTPEHEV VXNEI 198 

Ddla GPEFTVAILG EEIL PSIRIQPSG TFYDYEAKYL SDETQYFC-P AGLEASQEAN I.QALVXJCAWT TLGCKGUGRI DVHLOSDGGP YLLEA 198 

I IC CCCI lie C TI I CIC ICCC C C 1 

Fig. 2. Alignment of the deduced partial aa sequence of VanB and of the corresponding regions of VanA, VanC, DdlA and DdlB (Dutka-Malen et al, 
1992). Identical aa (I) and conservative substitutions (C) in the five sequences are indicated below the alignment For classification as conservative 
substitutions, the aa were grouped as follows: RK, LFPMVl, STQNC, AGW, H, ED and Y. 



VanA and VanC display 28 to 38% aa identity with Ddl 
of £. coli (Dutka-Malen et al.,1992). The structural genes 
for VanA and VanC do not hybridize with DN A of enter- 
oeocci that become resistant to Vni only after induction 
(VanB phenotype) (Dutka-Maien et al, 1990; Leclercq 
etaL, 1992). 

Oligos VI and V2 allow PGR amplification of frag- 
ments internal to genes encoding VanA, VanC, and Ddl' 
(Dutka-Malen et al., 1992). These oligos prime the ampli- 
fication of cav^ 6(K)-bp fragments from £/i V583 
Sind En. fdecium D366 which display the VanB phenotype 
(Sahm et aU 1989; Gutmann et al., 1992): The fragments 
from strain V583 were cloned into pUCIS (Norrander 
et al., 1983) and the insert of a recombinant plasmid was 
sequenced (Fig. 1). The deduced aa sequence of the insert 
was similar to a portion of VanA (77% aa identity), of 
VanC (37%) and of Ddl of £. coli (30 and 32%) (Fig. 2). 
In Southern hybridization, the cloned fragment hybrid- 
ized with a 3.3-kb Hindlll-Kpnl fragment of En,faecalis 
V583 and a 7.5-kb HindUhKpnl fragment of En.faeciwn 
D366 (data not shown). The probe did not hybridize to 
DNA from either Vm^ derivatives of these strains or Vm^ 
En.faecalis and En.faecium reference strains. These re- 
sults suggest that the cloned PCR product corresponds 
to an internal fragment of a resistance-conferring gene 
acquired by the Vm" strains. This gene encoded a Ddl- 
related enzyme, designated VanB« which coidd be in- 
volved in the synthesis of a substitute for D-Aia-i>Aia. 
This hypothesis is consistent with preliminary character- 
ization of peptidoglycan precursors from £n. faecium 
D366 (Billot-Klein et al., i992). 



ACKNOWL£DGEME^^^S 

We thank M. Arthur and S. Dutka-Malen for helpful 
discussions and for critical reading f the manuscript and 
L Gutmann for the gift f bacterial strains. 



REFERENCES 

Billot-Klein, Gutmann, L., Collatz, E. and Van Heijenoort, J.: Analy- 
sis of peptidoglycan precursors in vancomycin-resistant enterococcL 
.^atimicrcb. Agents Chemother, 36 (IW) 1487-1490. 

Buog, T.D.H., Wright. Dutka-Malen, Arthur, M., Courvalia, P. 
and Walsh, C.T.:. Molecular basis for vancomycin resistance in En- 
terococcus faecium BM4147: biosynthesis of a, depsipeptide, pepti- 
doglycan precursor, by vancomycin resistant /proteins VanH and 
Van>L Biochein^try 30 (1^ 

Dutka-Malenl S:; Leclercq, R:; Coutant, V;, Duval,^ j. aind Courvalin, 
P.: Pheiiotypic; and geiiptypic heterogeiiieity of glycopeptide resis- 
tance detenninahts. in gram-positive bacteria. Antimicrbb: Agents 
aiemother.34|l990);^^^^ - ; , . \ 

Dutka-Malen. Mblinas, ,C., Arthur, M; and Courvalin, P.: Sequence 
of the vanC gene of Enterococcus gaUinanm BM4174 encoding a t> 
alanine:b-alanine ligase-related protein necessary for vancomycin 
resistance. Gene 112 (1992) 53-58. \ ■ J' ■ 

Gutmann, U, BiUot-Kt^ p., ,Al-Qbeid, IClarc, U Francoual, S., 
CoUatz, E. and Van HeijeKoorU jf.: Inducible carboxy peptidase activ- 
ity in vancomycin-resistaiit enterocbcci. Aritimicrob. Agents Chem- 
other 36 (1992) 77-80^^^ \. 

Handwerger, S., Pucci,^M-l^ Yol*^' KJ- Liu, J, and Lee, J.: The cyto- 
plasmic peptidoglycan precursor of vancomycin-resistant Entero- 
coccus faecalis temunates in lactate. J. Bacteriol. 174 (1992) 
5982-5984. 

Leclercq, R., DutkarMalen, S:, Duval, J. and Courvalin, P.: Vancomycin 
resistance gene vanC is specific to Enterococcus gaUinanm. Anti- 
microb. Agents Chemother. 36 (1992) 2005-2008. 

Messer, J. and Reynolds, P- Modified peptidoglycan precursors pro- 
duced by glycopeptide- resistant enterococcL FEMS Microbiol 
Lett 94 (1992) 195-200. 

Norrander, J., Kempe, T. and Messing, Jj Construction of improved 
Ml^t vpctnrK iKins nligndeoxynucleotide-directed mutaeenesis. 
Gene 26(1983) 101-106.^ 

Reynolds, P.E.: Structure, biochemistry and mechanism of action of 
glycopeptide antibiotics. Eur. J. Clin. Microbiol Infect. Dis. 8 
(1989) 943-950. 

Sahm, D.F^ Kissinger. J., Gilmore. M.S^ Murray, P.R., Mulder. R., 
Solliday, J. and Clarke, In vitro susceptibility studies of vancomy- 
cin-resistant Enterococcus faecalis, Antimicrub. Agents Chemother. 
33(1989) 1588-1591. 

Sanger, F., Nicklen, S. and Coulson, ARj DNA sequencing with chain- 
terminating inhibitors. Proc. Natl. Acad. Sci. USA 74 (1977) 
5463-5467. 

Walsh, C.T- Enzymes in the CKdanine branch of bacterial cell-wall 
peptidoglycan assraibly. J. Biol Chem. 264 (1989) 2393-2396. 



